Introduction
Chronic exertional compartment syndrome (CECS) is an exercise-related condition characterized by a sense of pressure, pain, paresthesias, and weakness due to abnormally elevated pressures within a muscle compartment. The underlying etiology of CECS is unknown. CECS occurs most commonly in the legs of runners but has been reported in the thigh, foot, upper extremity, and erector spinae muscle compartments (3) .
Exertional compartment syndromes of the upper extremities are far less common than in the lower extremities. We report a case of an athlete with CECS of the forearm flexor compartments bilaterally. Additionally, we provide a review of the available English language literature on CECS of the forearm. This review does not include cases where there was acute onset of symptoms or cases where the patient had a recent history of a traumatic injury to the forearm.
Case
The patient was a 21-year-old Division 1 American football player who presented to a university sports medicine clinic with a chief complaint of bilateral upper extremity pain and paresthesias. For reasons unrelated to any injury or illness, he had taken 2 years off from football and had recently started a preseason strength training program in preparation for his return to competitive sports. Symptoms started insidiously 3 wk prior to presentation in the sports medicine clinic. He reported that symptoms came on only with upper extremity weight lifting. He described a sense of pressure, pain, numbness, and tingling from just distal to the elbows down through the fingers. These symptoms were present in the volar aspect of the forearm and all five fingers bilaterally. He reported that the symptoms had been increasing in severity over the 3 wk prior to presentation in clinic, to the point where he was experiencing a loss of coordination and difficulty holding the weight bar. Symptoms were starting at progressively shorter durations of weight lifting. Symptoms became moderately severe within approximately 10 min of lifting weights and could last as long as 4 to 5 h following heavy weight lifting. There was no history of any acute traumatic event to the forearms. He had no symptoms proximal to the elbows. He had no color or temperature changes in the upper extremities. He previously had never experienced similar symptoms. He had no medical problems and had no prior surgeries. He did not take any medications and denied using illicit or performance-enhancing drugs. The athlete was a nonsmoker and a nondrinker.
The athlete presented as a healthy-appearing, muscular man in no acute distress. He was 184 cm tall and weighed 94 kg. Forearm muscles were quite well developed. Range of motion was full and pain free in the cervical spine, shoulders, elbows, wrists, and hands. Muscle tone in the upper limbs was normal. At rest, there was no muscular tenderness in the upper limbs and the muscles were not tense. Light touch testing revealed intact sensation in the C3 through T2 dermatomes and in all peripheral nerve distributions. Strength was 5/5 throughout both upper limbs. Carpal compression test was negative. Tinel's sign over the median and ulnar nerves was negative bilaterally. Elbow flexion test and Phalen's test were negative. Pronator compression test caused mild, vague paresthesias in the hands on both sides. Spurling's maneuver did not produce any symptoms on either side.
Because of the symptoms of numbness and tingling, in conjunction with the positive pronator compression test, electrophysiologic studies were obtained. These revealed normal median and ulnar nerve conduction studies on both sides. Needle electromyography was also normal. The normal electrophysiologic testing argued against the presence of a peripheral nerve entrapment neuropathy. Because there was a clinical suspicion for CECS, we proceeded with compartment pressure testing. Measurement of compartment pressures was performed with a Stryker intramuscular manometer with a side port needle (Stryker Corporation, Kalamazoo, MI). The left flexor forearm showed a preexertional pressure of 19 mm Hg. After the patient performed wrist curls with weight for a few minutes, the immediate postexercise pressure was 60 mm Hg. Five minutes after cessation of exercise, the pressure remained elevated at 50 mm Hg. The volar aspect of both forearms was considerably tense and tender following a few minutes of weightlifting. The dorsal aspect of his forearms was supple and nontender. Because there were no symptoms or signs implicating involvement of the dorsal forearm compartments, pressure measurements were taken only in the volar compartment. Because symptoms were identical on the both sides, compartment pressure testing was performed only unilaterally in order to spare the athlete additional discomfort. No imaging studies were obtained as part of his work-up.
After a full discussion of various treatment options including rest, massage, physical therapy, and alternative strategies, the patient expressed a strong interest in returning to weight training as soon as possible so that he could return to football. After surgical consultation, the patient underwent bilateral forearm fasciotomies 5 wk after the onset of symptoms and 2 wk after his initial clinic visit. The fascia of both the superficial and deep compartments of the forearm flexor muscles was released bilaterally via a volar, ulnar incision. The fascia of the flexor digitorum superficialis, flexor carpi ulnaris, and lacertus fibrosis were released in the superficial compartment. The deep compartment was inspected, and the fascia of the flexor pollicis longus and flexor digitorum profundus muscles were released subsequently.
Following surgery, the patient was allowed to perform lower limb and core strength training, as well as low impact cardiovascular training, but was not allowed to perform any upper limb strength training. At his 1 month postoperative follow-up examination, he reported having no symptoms, and he was allowed to return to a gradually progressive upper limb strength training program under the direct supervision of the strength and conditioning coaches. At follow-up visits 2 and 6 months after surgery, he was symptom free with all weight lifting and other activities. He played the subsequent football season without any upper extremity symptoms. The athlete remained asymptomatic 4 years after surgery.
Discussion
CECS is characterized by muscle compartment pressures that rise transiently following repetitive motion or exercise. The elevated pressures produce reversible tissue ischemia, which can cause pressure, pain, paresthesias, and weakness. The differential diagnosis of these symptoms in the upper extremities also includes compressive neuropathies, chronic tenosynovitis, chronic strains or sprains, stress fracture, and referred pain from cervical pathology.
In contrast to the lower extremities, exertional compartment syndromes of the upper extremities are uncommon. A review of the English language literature finds 29 cases of exertional CECS of the forearms in 11 publications. The largest series with 12 cases was published recently by Brown et al. (4) . The Table summarizes these reports. This condition primarily affects relatively young, active individuals. Twentyfour of 29 patients were athletes and five were nonathletes. The age range of patients in these reports was 16 to 47 years old with a mean age of 27 years. All but one of the patients were male. CECS was bilateral in all but five patients. The condition affected the volar compartments in all patients except three, in whom the CECS was limited to the dorsal compartment only. In nine patients, the condition affected both the volar and dorsal compartments of the forearm. Motorcycling was the inciting activity in 15 of the 29 cases (1,5Y7). Other inciting activities included gymnastics (15) , tennis (2), weight lifting (10), kayaking (12) , carpentry, and automechanic work (14) and other manual labor (4). Twenty-three of the 24 patients for whom treatment was reported underwent fasciotomy of the involved compartments. The one patient who elected to forego fasciotomy was unable to return to full activities (5) . Interestingly this particular patient's brother, who also was diagnosed with CECS of the forearm due to motocross riding, opted for surgery and reported returning to full activities without symptoms. In the case series by Brown et al. (4), the two patients who reported no improvement in symptoms after fasciotomy were manual laborers whose symptoms were not sports related. Two other patients in the Brown study who had only partial resolution of symptoms included a 46-year-old crane operator and golf player and a 35-year-old martial artist. The authors (4) also remarked on a 13th individual, not included in their list of 12 patients, who also declined surgery and could not return to their prior level of sporting activity.
As with our case, most authors reported that they ruled out peripheral nerve entrapment with normal nerve conduction studies prior to proceeding with compartment pressure testing. There are three publications in the literature that report on magnetic resonance imaging (MRI) findings of increased signal intensity on T2-weighted images of the affected muscles immediately after exercise, but not before exercise. Two of these reports (9, 11) appear to be the same case as the 47-year-old patient reported by Heckman (8) . The third report comments on five motocross racers, all with bilateral, volar forearm compartment syndrome (6) . All five athletes had increased T2 signal in the affected muscle compartments immediately after exercise, but so did untrained control individuals who also underwent preand postexercise MRIs.
Our patient fits the prototypical patient described in existing reports. He is young and active with bilateral symptoms that were brought on by intense exercise. CECS usually is considered idiopathic, and it is unknown why our patient developed the condition. We speculate there might be two possible contributing factors. One is his hypertrophied forearm muscles. Another is his return to weight lifting after a 2-year hiatus from competitive sports and weight training. However the vast majority of athletes with hypertrophied muscles do not develop CECS, and the same is true for athletes who restart a resistance training program following a hiatus. Possible roles of fascial noncompliance and impairment of venous return as causative factors for CECS are plausible but remain speculative (3) .
Normal and abnormal parameters for compartment pressure testing in the leg are well accepted. Far less attention has been given to compartment pressure testing in www.acsm-csmr.org
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Copyright © 2013 by the American College of Sports Medicine. Unauthorized reproduction of this article is prohibited. (2) also studied forearm compartment pressures in asymptomatic athletes. The mean intracompartmental pressure at rest was 10 mm Hg with a range of 6 to 18 mm Hg. They reported a maximum mean pressure during maximal muscle contraction of 75 mm Hg, which fell rapidly back to normal upon cessation of muscle contraction (8) .
Commonly accepted lower extremity compartment pressures that support a diagnosis of CECS include the following: 1) a preexercise pressure of Q15 mm Hg; 2) a 1-min postexercise pressure of Q30 mm Hg; or 3) a 5-min postexercise pressure of Q20 mm Hg (3). Brown et al. (4) used a threshold for abnormality of 30 mm Hg during provocative exercise but did not routinely measure compartment pressures after cessation of exercise. Until further research can be done to define clearly normal and abnormal parameters for the diagnosis of forearm CECS, the standard values established for the leg, in combination with sound clinical acumen, should guide treatment. In the absence of definitive normative values for diagnosing forearm CECS, the high postexercise pressures in our athlete substantiated the clinical diagnosis and warranted surgical intervention.
Avoiding the inciting activity can reduce symptoms of CECS. However if return to full sports participation is desired, then surgical release of the involved compartments remains the mainstay of treatment for upper extremity CECS, just as it is in the lower extremity. There are no reports in the literature showing the efficacy of nonoperative management in upper extremity CECS. In recent years, an increasing number of cases of upper extremity CECS have been reported, raising the possibility that this condition may have been underrecognized previously. A higher index of suspicion for CECS of the forearm can lead to earlier diagnosis and treatment in athletes with exercise-related forearm pain, pressure, or paresthesias.
Conclusion
Athletes who participate in high-intensity, repetitive upper limb activities are at risk for developing CECS of the forearms. Although this entity is far less common than CECS of the legs, the increase in recent reports of CECS of the forearm may indicate that it is more common than previously thought.
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